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FigtdQfttiQ Invgntion 

[0001] This invention relates to particles which are individually and optionally uniquely coded with a machine 
readaisle code. One particular application is in the field of Combinatorial Compound Library (CCL) synthesis wherein 
many compounds are synthesised on small supporting particles or beads, and rapidly screened for desired biologcal, 
pharmacological or chemical activity. This application is given by way of illustration only and is in no way 
limiting. By using the code to identify and record prectsety which particles have undergone which chemical reactions, 
the particular process sequence by which the final compound on each particle was produced may be ascertained. 

Background to the Invention 

[0002] tn the continual quest to reduce research and development costs and to minimise the investment of 
resources irito compounds which may ultimately be unsuitak>le for the desired end-use, many industries such as the 
pharmaceutical, agrochemical and biotechnological industries are revolutionising many of their chemical compound 
synthesis processes. A specific area which has had a major impact over the past five years is that of combinatorial 
compound libraries (CCL*s). a process whereby ensembles of molecular compounds are generated simultaneously (or 
in a rapid sequence of processes) by combining structural elements from a set of buildng block molecules onto a 
common template or scaffokJ. with highly parallel processing on the entirety of its components [Gordon et al, J. 
Med. Chem., 1994, 37:1233-1251 and 1386-1401). The process altows CCL's containing vast numbers of •^Bgands" 
(Bbraiy compounds or elements) to be created in relatively few discrete process steps, albeit wrth each Sgand 
present in minute quantity. By exposing the library to a biological or chemical system of interest, compounds with 
specifk;, desired chemical or pharmacotogical activity may be expedientiy klentified. Such activity may include for 
example inhibition or stimulation of an enzyme or pharmacological receptor, the catalysis of a chemical process and 
the tike. This technology is particularly useful when used in conjunction with high throughput screens. 
[0003] A principal method by which CCL's may be synthesised is based upon the use of minute beads or particles 
upon which the library of compounds may be produced. The underlying procedure, using sequential mixing, separation, 
and remixing of discrete compound-carrying particles, was proposed by Furka et al (Abstr. 14th. Int Congr, Biochem. 
Prague, 1988, 5:47]. The procedure typically utilises a significant number of small'beads of diameter from a few 
tens of microns or less to a few hundreds of microns or more which act as the supporting matrices upon whwh 
compound synthesis may subsequentiy take place. The beads are typically of crosslinked polystyrene, polyamkle, 
sintered glass, or similar insoluble material, and possess chemical bonding sites spread throughout the volume of 
the beads. The procedure for handling the beads is shown schematically in Figure 1. 

[0004] Typically a suspension of beads, 1, is separated into three separate parts, 2, each of which is then 
exposed to a spedfk; reagent, Al, A2, or A3 which becomes attached to the beads The three suspensions of beads are 
then recombined within a single vessel and thoroughly mixed before l^eing divided once again into three separate 
parts, each part containing a proportion of all three compound types. The large number of beads involved in the 
process erasures that statistically the numbers of each type of compound in each vessel are approximately equal. The 
three suspensions are then further exposed to the same or different reagents B1, B2, or B3, and this resute, for 
example in compounds A1B1, A2B1, and A3B1 in the first vessel; A1B2, A2B2, and A3B2 in the second vessel; and 
A1B3. A2B3 and A3B3 in the third. The suspensions are then remixed in a single vessel and the process repeated. In 
this way, a sut>stantial number of different compounds may be produced in a relatively small number of reaction 
steps. At the end of the processing the identity of the compound(s) showing the desired properti'es may subsequentiy 
be deduced. 

[0005] A difficulty with this "one compound per bead" procedure, especially for non-sequenceable ligands, is 
that for each discrete bead, its precise history, or more specifically the exact sequence of reagents to whwh it 
was exposed, is unknown. Knowledge of this synthetic history is very useful in Wentifying, discovering or so-c^led 
"deconvoluting" the active compound or compounds from a combinatorial chemistry process. One method of generating 
this information is to follow up each synthesis step with an independent process wherein a chemical "tasf is added 
to all the beads in that particular vessel (Janda, Proc. Nati. Acad. Sci USA. 1994, 91:10779-85]. through a series 
of sequential chemical steps, the tags are built up in parallel with the ligands so that at the end of the process 
the sequence of operations any particular bead has gone through may be retraced by separately analysing the tag 
sequence. The first tags to be employed in this way were oligonucleotides and peptides [Brenner and Lemer, Proc. 
Nati. Acad. Sci. USA. 1992, 89:5181-5183; Nikolaiev et al. Peptide Res., 1993, 6:161-170; Needels et al. Proc. Nati. 
Acad. Sci. USA, 1993. 90:10700-10704]. A further example of this approach is disclosed in PCT WO 93/06121. A 
dsadvantage of this procedure is that these are generally sensitive molecules which are unlikely to be able to 
withstand some of the harsh reaction conditions (e.g. strong acid, strong base etc ) necessary for the preparation 
of a broad variety of ligands. Another disadvantage of this procedure is that ttiey have rather limited coding capacity. 
[0006] More recentty a new class of comparatively inert tag molecules has been developed in conjunction with a 
binary coding system wherein defined mixtures of tag components comprising a combination of haloaromatic and 
electrophoric moieties are used to represent particular building blocks along vM\ their position within a sequence 
[Ohlemeyer et al, Proc. Nati. Acad. Sci. USA, 1993, 90:10922-10926]. However, in addition to the problems that arise 
from the stability associated with chemical tags other important advantages are: the overhead incurred in applying 
the tag at each process step; the overhead of chemically and/or analytically having to analyse the tag from each, of 
potentially many, beads which displays the desired activity at the end of the process sequence; and the possibility 
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of artefacts being produced within the tags or ligands by interaction between them. 

[0007] The present invention, by not relying on the use of chemical tags, overcomes, or mitigates, many of the 
above limitations A system has been devised for providing a desired number of particles or solid supports, each 
with a permanent, machine-readable code, which may be read "on-the-fl/* between process steps, thus Rowing the 
process sequence, or audit traU. for each bead to be recorded. Alternatively, if the beads are separated into a 
multiwell container, for example a 96 well plate such as those routinely used in robotic systems for screening 
compounds in biological assays, the code may be read when the beads are stationary. 

Summary of the Invention 

[00081 According to the present invention, there is provided a Combinatorial Chemistry soBd support partide 
marked with a machine readable code, said code being adapted to remain substantially unchanged dunng 
Combinatorid Chemtetry Ubrary Synthesis, characterised in that the machine readable code is in the form of a 
binary code and in that at least one dimension of the particle exceeds 50 \sm, rendering such a partide visible to 
the naked eye. For the first time it is possible to track and record a partide of support material as it proceeds 
through a complex synthetic route involving numerous options. 
15 10009] Preferably the support partide comprises a first phase comprising a solid support suitable for use in 
Combinatorial Chemistry techniques and a second phase containing a machine readable code. This enables coded 
mrcropartide technotogy to be used in this context 

[0010] Preferably, the partide has a bi-iayer structure, the first and second phases being in the form of 
layers superimposed one on another. The two layers are therefore bonded together. 

[0011] Preferably the second phase incorporating the machine readable code is substantially encapsulated within 
^ the first phase, substantially the v*rfiole outer surface of the particle thus being free for use as a chemk:al 
support This increases the availatsle area of the support. 
[0012] In a further embodiment the two phases are mechanically Bnked. 

[0013] Preferably the second phase takes the form of a wafer incorporating an aperture and the first phase 
extends through said aperture such that a portion of the first phase exists on each side of the aperture, the 
25 aperture and therefore the wafer, forming a so-caOed waste in the first phase thus tending to cause the two phases 
to remain in mechanical contact 

[0014] Preferably the second phase incorporates one or more barijed or hook like protrusions adapted to engage 
the surface of the first phase. This can be likened to a miniature verswn of hook and loop fastening. 
[0015] Preferably the support on which chemical synthesis takes place comprises one or more of the following 
M materials!' 

porous siBcates, for example controlled pore glass; polymeric resin materials for example polystyrene. 
poly(subslituted-6tyrene), for example poly(haIomethybtyrene). poWhalostyrene), poly(aoetoxyslyrene): 
polyacrylamkles, for example poly(acry!oylsarcosine methyl ester); other polyesters, polyaciylates and 
polymethacrylates; as well as derivatised versions of these resins, for example polystyrene which has been 
chloromethylated. or potyCaciyloyisarcosine methyl ester) wherein the ester has been saponified and the resultant 
35 add derivatised with another moiety of utifity in CCL synthesis, as weO as optionally cross-linked versions of 
these resins. 

[0016] Preferably the code consists of one or more of the foBov«ng features: pits, holes, holows, grooves or 
notches or any combination thereof. 

[0017] In an alternative embodiment the code resides in the shape of the partide or the shape of the second 
phase where a second phase is present 

[0018] Preferably the machine readable code is readable optically. This enables technotogy and equipment from 
related fields to be used. 

[0019] Preferably the partide further incorporates an orientation marker. This results in increased reliability 
of results by ensuring that the code is always interpreted correctiy. 

[0020] According to a second aspect there is provided a set of support partides consisting of partrcles as 
45 described above substantially each partrcle in the set having a unique machine readable code. 

[0021] In a still further aspect of the invention there is provided a Combinatorial library prepared using the 
above support partides, regardless of the chemical reactions or sequences used to prepare said library. 
[0022] The invention also encompasses a method of building and deconvoluting a Combinatorial library comprising 
the steps of> 

50 

(i) providing a plurality or set of support partides of the type in question; 

(ii) suspending said partides in a fluid; 

(iii) divkjing the fluid containing the partides into a plurality of portions, reading and recording the 
55 machine readable codes during or after the division process in order to track the movement of specific partides 

into respective portions; 

(iv) subjecting respective portions to specific chemical reactions; 
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(V) recombining the respective portions; 

(vi) repeating steps (tii), (iv) and (v) as necessary; 

* 80 as to create a compound library in which substantially each member of the Dbrary is associated with one or more 
support partides with a machine readable code and tracking data is available to identify the sequence of reacftions 
experienced by substantially each support particle. 

I0O231 There is therefore provided a muftiplidty of chemically-inert micrometer-sized, sofid support particles 
each lat>elted vwth a unique, permanent binary code which is machine-readable remotely during the handling of a fluid 
containing the solid support particles, and each arranged to support and carry a sequence of compounds introduced 
successively through the fluid in use whereby to build up a labelled compound library Preferably, the code is 
readable optically, but it is envisaged that alternative forms could be used, provided they did not interfere 
chemically with the library compounds. 

[0024] The invention encompasses a compound library which in accordance with the invention is supported on the 
support particles as defined immediately above. It also provides a method of building a compound Hlwary using 

15 support particles as defined above comprising the steps of dividing a fluid containing the support particles into 
portions, \Nh\\sX reading the labels and tracking the movments of the support particles into the respective portions, 
allowing the support particles of each portion to combine with and subsequently cany a different respective compound, 
and repeating the fluid division, tracking and combination steps at least once so as to create a compound Bbrary of 
whteh each member contains a machine-readable code v^ich can be used with the associated tracking information to 
identify the sequence of compound combinations and hence the specifk: compounds. 

^ [00251 The present invention thus provides a method for the characterisation and deconvolution of a compound 
library, which method comprises (i) synthesising the library on a plurality of support particles substantially each 
particle having an indivkJual, machine-readable code, (ii) testing library compounds in a biological assay, (iH) 
selecting library compounds of interest, and (iv) identifying such compounds by reference to the code on the 
associated support partide. 

25 

Brief Description of the Drawings 

[0026] The invention win be further described, by way of example only, with reference to the accompanying 
drawings in which:- 

30 Figure 1 illustrates dlagramatically a typical procedure for handling beads in a Combinatorial Chemical 

synthesis sequence; 

Figure 2 yiustrates typical coded particles according to a first aspect of the present invention; 
Figure 3 illustrates cross sections of partially and fully encapsulated coded particles; 
Figure 4 fflustrates a code reading station; 
Figures 5, 6 and 7 illustrate various particle fabrication strategies 
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Description of the Preferred Embodiments 



[0027] The solid support which constitutes the first aspect of tiie invention conveniently comprises any suitable 
support material which is inert, that is to say it is of a chemical composition which is not affected by the rigours 
of library synthesis and testing to any relevant extent. Prefen'ed materials for the synthesis of CCL's according to 

4^ the method of this invention are porous siScates, for example controlled pore ^ass, polymeric resin materials for 
example polystyrene; poly(substituted-styrene), for example poly(halomethytetyrene), poly(halostyrene), 
poly(acetoxystyrene); polyaciylamides. for example poIy(acryloyl8arcosine methyl ester); other polyesters, 
polyacrylates and polymethacrylates; as weB as derivatised versions of these resins, for example polystyrene whk:h 
has been chloromethylated, or poly(acrytoylsarcosine methyl ester) wherein the ester has been saponified and the 
resultant acid derivatised with another moiety of utility in CCL synthesis, as well as optionally cross-linked 

50 versions of these resins. The processes for preparing these resins and derivatfeed versions thereof constitute 
further aspects of the invention. Furthermore, the above list is not limiting and is given by way of Mlustration 
only It provides examples only of the types of support which are known to the Applicant Particularly preferred 
solid support materials according to the method of this invention are polymeric resins, but furtiier suitable solid 
supports wilt be apparent to the artisan of ordinary skiU 

[0028] What is important in this particular application is that the support is made of or in part comprises some 
^ material, natural or synthetic, which is suitable for use in the chemistry used in Combinatorial Chemistry 
techniques. This includes materials not yet knovm or discovered. 

[0029] A further aspect of this invention is that the intfividual solid supports each carry a machine-readable 
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code as described hereinbelow. The solid supports are also conveniently in the form of particles, preferably 
microparticles whose longest dimension Is between 1 and 500 microns. Of particular use in compound library synthesis, 
such as combine/mix/divide processes, are groups of as well as individual microparticles. 

100301 Whilst It would be possible to produce microparticles of a desired solid support matenal or polymer 
using appropriate micromachining processes, and to mark these particles with identifiable codes, the Physi^l 
deformation which polymeric supports frequently experience during combinatorial chemical proce^. ^^^^ ^ 
low optical opacity typical of the polymer materials employed, may hinder reading of the codes problematic. 
[0031J On the other hand, alternative solid support materials, for example specially prepared porous silicon 
(fiOMde (glass) particles, which also have utility in the synthesis of combinatorial compound libranes. can, under 
spedftc growth conditions, be micromachined to produce particles which can be <firectly encoded in a rnanner 
analogous to that described hereinbelow. However, the process for achieving such low density porous silicon dioMtte 
that would be suitable for CCL synthesis is not presently well understood and though certeinhr ^«^?«?'*yJJ^f^^ 
such particles may not be regarded as an optimum embodiment of the invention. The embodiment ts iflustrated in 
Figure 5. 

[00321 Fiflure 5 illustrates a wafer-shaped particle 20 at least one flat surface of vi^ich includes a series of 
machine readable dots 21. This arrangement has the advantage that only a single soHd phase is required and there is 
IS no requirement for bonding to dissimilar materials. The particle may incorporate an onentation mariner e.g. a comer 
cut off, shaped groove or the like (not shov^m) to facilitate accurate reading of the code. 

100331 A preferred embodiment of the invention comprises a microparticle which conveniently consists of two 
distinct phases, one, a solid support material for Bbrary synthesis and the other a phase containing a rnachino- 
readable code A particulariy preferred embodiment of the invention encompasses a microparticle virtiich compnses one 
or more of the polymeric solid support materials outlined above, attached to. encapsulating, or othen^vise permanently 

^ associated with a rigkJ. opaque, coded subpartide, and v^tch combines the desired properties of both the P9ly|"«"J= 
solid support material and the coded microparticle. This principle is Olustrated in Figure 6, Such individuafly 
coded particles are then useful in combinatorial processes to allow the tracking of each particle through the 
various chemical processing steps, the particle codes being machine-read •on-the-fl/ as the particles move from one 
process step to another or after completion of the screening process. 

25 IP0341 By vray of non-limiting examples, a description of the subparticles of the second phase which constitute a 
further aspect of the invention is given below. 

100351 Code marks may be applied to rigid materials such as silicon, silicon dioxide, or a metal, using the 
process of micromachining. These materials can then be further micromachined into particles of defined see and 
shape Such materials offer the additional advantage of comparative robustness and, in certain cases, chemica^ 
inertness. By way of exemplification, it has been shown by Kaye et al. in the Journal of Aerosol Science Vol. 23 
30 [1992 Supplement 1, 201-204] that extremely uniform partkdes of silicon or silicon dioxide (glass) can be made 
using the technotogy of micromachining. Particles may also be manufactured from metals such as aluminium or gold, as 
weH as potyamkle or other polymeric or resin materials. Preferred materials for the manufacture of subpartides are 
silicon and silicon dioxide. The machining technology vras devetoped from the microelectronics industry and uses 
similar processes of deposition and etching to those used to make microelectronic integrated circuits. The 
manufacture of such particles involves typicaSy;. the design of the required particle geometry (or gTOmetnTO^ 
^ using computer aided design (CAD) tools; the manufacture of appropriate photofithographic masks which deUneatetne 
particle shapes; the deposit onto a previously prepared sificon w^er substrater i.e. coated with a sacrafiaEri layer 
and (typtcaHy 3. 4 or 8 inches in diameter) of a layer of, for example, silicon or siikson dioxide from wtnch the 
particles will be made; the coating of this layer with a photosensitive polymer resist which, upon ultraviolet 
exposure through the photographic mask, defines the particle shapes; and finally the creation of the particles on 
the wafer substrate by removing unexposed resist and etcNng away the revealed inter-particle areas of silicon or 
sificon dioxide The particles may then be freed from the wafer substrate by dissolution of a sacnfiaal layer 
(typically made of aluminium if the particles are sBicon or silicon dioxide) whrch underti^ the partdire. 
Subpartteles can be designed to have widths from a few microns to greater than 100 microns and thicknesses up to the 
order of 10 microns. 

P)0361 Such is the accuracy and high resolution of the CAD and photolithographic processes whteh define the 
45 particle shapes, that it is possible additionally to design the subparticles. 3, (see Fig. 2) to carry marks such as 
etched-through holes. 4, etched pits, 5, or etched grooves, 6. v\rfiich constitute a unique code, typically in binary 
format The subpartide outiines can also be notched. 7, to indicate a code, and orientation merits, 8. jjf 
included to prevent code misreading. This process is the sulj^ect of a separate patent application GB-A- 2289150; 
filed on 25 April 1994 naming as inventors Kaye. P.R.. Tracey, M.C. and Gordon. J. A. For the avoidance of doubt the 
entire text of GB 2289150 is hereby imported by reference. This text and the associated diagrams are intended to be 
50 an integral part of this present application and the inventive concepts herein described. A wafer substrate may thus 
be etched by micromachining processes to yield typk^Oy a million or more particles, each, if desired, carrying a 
different binary code. The mwroscopk; code on the particles may be interrogated and read using appropriate 
microscope-based image processing systems. By way of example, a code containing just twenty binary sites (pits, 
holes, or similar devices) vwauld allow a million particles to be uniquely numbered from 1 to 1 ,000,000. 
(00371 Figures 3a and 3b show preferred embodiments of the polymer-coated, micromachined subparticles - the 
^ mwropartides of the invention. In Fig. 3a the polymer coating. 9. is applied prindpafly to one surface the upper 
surface of the micromachined subpartide as illustrated. 3, to give a bilayer micropartide. In Fig. 3b the 
subpartide, 3. is encapsulated within the polymer coating, 9, to give a cored mrcropartide. 
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[0038] A preferred, but non-limiting method of producing single-surface coated micropartides is as fdflows. The 
silicon or silicon dioxide particles are etched on a sUtcon wafer 8ut>strate of say 4 inches diameter as described 
by Kaye el al (vide supra). The particles are etched following exposure through an appropriate photolithographic 
mask such that each particle carries a unique binary, ternary or other coda Before the particles are released from 
the wafer substrate (by the process described by Kaye), an additional layer of the desired polymer is applied across 
* the entire wafer. The thickness of the layer would typically be of the order of 10 to 30 microns. The layer woukJ be 
deposited in a simBar way to normal photosensitive polymer photoresists which are routinely used in the 
microelectronics and micromachining technologies. This involves applying a thick layer of the polymer (either molten 
polymer or a polymer thinned with appropriate solvent) to the wafer v/hich is then spun at high speed about the axis 
orthogonal to its surface. The outward centrifugal flow of the polymer results in uniform thinning of the layer to 
the desired depth. Once hardened, the polymer layer is coated with a further photoresist teyer and this is exposed 
through an additional photolithographic mask to define discrete areas covering each of the coded micromachined 
particles. The unexposed resist is subsequently removed by a photoresist-specific solvent, exposing the inter-particle 
areas of polymer layer whk;h may then be removed by a suitable polymer dissolving solvent The silicon, or silicon 
dioxtde/polymer micropartides are finally released from the wafer by dissolution of the sacrifidal aluminium layer 
underlying them. 

/5 10039] One preferred, but non-limiting, method of produdng fully polymer-coated micropartides is as follows. 
The coded mksromachined sfficon or silicon dioxide partides are freed from the wafer in the manner described by 
Kaye et al. These sut>particles are then suspended in a melt or solution of the polymer to t>e applied as a coating. 
The suspension is then sprayed with sufTident pressure through a fine orifice to produce a droplet jet Under the 
correct flukj dynamic conditions, determined by experimentation, the micromachined partides encapsulated in a layer 
of polymer wll t>e ejected singly from the orifice. Upon solidification or hardening, the polymer coated, coded 

20 micropartides may be separated from the remainder by centrifugation in an aqueous suspension (the coded silicon 
partides being of greater density than the polymer would cause the required coated partides to predpitate below 
the homogeneous polymer beads), or by suspen3k}n in an organic solvent whk;h caused the polymer to swell. The 
coated particles, though also exhibiting polymer swdling. would be less buoyant than the homogeneous polymer 
partides (which float to the surface of the suspension) and would sink, facilitating their removal. 
[0040] A second preferred, t)ut non-limiting method involves preformed stHcon or sfficon dtoxide subpartides 
being introduced into a heterogeneous aqueous mixture of monomer precursors, for example styrene, 
hatomethytstyrene, halostyrene, acryloylsarcosine methyl ester etc.. or mixtures thereof, along with, optionally, 
crossltnking agents as well as such pdymerisation catalysts and initiators as would be known to any person skSled 
in the art, such that, under controlled conditions of emulsion polymerisation, the polymer fonrts, encapsulates the 
subpartides and generates the micropartides. The micropartides are then recovered by filtration and washed 

2Q copiously to remove all by-products of the polymerisation reaction. 

[0041] A particulariy preferred material for the production of coded subpartides ts silicon because of its 
opacity at visible wavelengths and inertness to most diemicals used in the processes of combinatorial chemistry. 
Particulariy preferred machine readat^le codes carried by the subpartides are pits, holes, grooves, notches, or 
combinations thereof. The codes are also preferably binary In nature, tt is also particulariy preferred that the 
subpartides carry some form of micromachined orientation maridng. for example one or more grooves or holes, in 

35 order to render the micropartides non-symmetrical and thus to assist the code reading process. 

[0042] A further embodiment of this application comprises subpartides which are derived from a non-porous, 
rigid, inert material such as silk^ate (glass) into which has t>een deposited, during or after production, but t>efore 
association with the polymeric solid support, a suitable number of individual materials which can be altered by 
application of an external non-chemical stimulus, for example electromagnetic radiation. By virtue of the changes 
imbued in them by the particular stimulus, these materials can, by suitat)te readout of the residual deposits, reveal 

^ the process sequences that those partides/subpartides have experienced. Non-limiting examples of such materials 
indude fluorescent and phosphorescent chemicals, which can be selectively modified t>y light of a specific 
vi^elength, and also detected by a machine capable of detecting transmitted, refracted or reflected Ught at one or 
many wavelengths. 

[0043] Alternatively, the material deposited within the subpartide may not t)e modifiable. The information that 
45 such material can reveal would pertain to tiie veiy first process that the particular partide/subpartk)le had 
experienced. By way of non-limiting example, if one or more heavy metals were to be incorporated into a glass 
subpartide such that each metal element or combination of metals were to be indicative of a particular builcfing 
block to be added in the first stage of the combinatorial synthesis (for example, in Figure 1, copper might t>e the 
"tag" for buildng block 'Al'), then any active or interesting ligand, as defined herein, which is assodated with a 
bead that, upon analysts by, for example atomk; absorption specti'oscopy, reveals copper to be present, can be 
50 inferred to have originated from the process that involved the chemic^ process aimed at introdudng butkling t>lock Al . 
[0044] In another emt>odiment of the invention, the coded micropartide may t>e linked to the appropriate polymer 
mechanically by a variety of methods. Numerous methods of fabrication of such a mechank^ linked assembly are 
possible. In one method as illustrated in Fig 7a the polymer beads are suspended in an appropriate liquid, e.g. 
water or a solvent, and drawn by suction through an appropriately shaped hole in the coded tag as shown. The tag is 
released from the silicon wafer as described prevk>usly. 
^ [0045] In another method Fig. 7b, the coded tag is fabricated in such a way that a hook or harpoon is 
incorporated. Under turbulent mixing the polymer bead will become attached. In these methods it may be advantageous 
to soften the polymer by exposure to solvent before carrying out these operations. 
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[0046] In a further method as illustrated in Fig 7c where the coded tag is still attached to a sificon wafer, 
the polymer t)eads may be attached to the coded tag bearing one or more hooks by mechanically pressing the beads 
against the tags with an appropriate fiat surface. The tag is released from the silicon wafer as described previously. 
[0047] In the methods 7a, 7b and 7c described above a 1:1 ratio of coded tag and polymer bead results. In order 
to increase the surface area of polymer available for synthesis in CCL it would be possible to increase the number 
' of polymer beads attached to a coded tag by increasing the number of holes or hooks in the devices described above. 
[0048] Figures 7b and 7c Ulustrate just two possible methods by which a support particle suitable for carrying 
out Combinatorid Chemistry can be mechanteally linked to a coded particle. These methods are intended as 
Blustrations only. This invention Is intended to encompass all methods of mechanical fbdng, be they temporary or 
permanent 

io [0049] For the first time it has been possible to give support particles of the type in questwn a unique code 
in order to follow, monitor, track and record the progress of an individual particle through a complex sequence of 
operations. 

[0050] The strength and mechanical stabQity of the link between the two phases may be adjusted according to the 
desired condftions of use. 

POSI] The geometiy of the coded phase will depend on the shape of the first phase, the nature of the coded 
informatron amongst other factors. 

[0052] In a particularly preferred embodiment of this application, each coded micropartide possesses a unique 
code. By this means a CCL of, for example, a million compounds can be represented by a miffion uraque coded 
mteropartides using a binary code of 20 binary sites, or a CCL of, for example, 100.000 elements can be represented 
by a milKon coded mk:roparticIes using a code of 20 binary sites such that each compound is represented, 

20 redundantly, ten times. The key advantages of having many individually labelled, discrete solid support particles at 
the outset of the CCL synthesis are, amongst others:- the avoidance of having to perform extra chemical steps at 
each stage of the chemical process - each code or tag is present from the outset; the avoidance of having to analyse 
chemically the tag from each bead of Interest - a simple readng of the solid state code contained wfthin the 
microparticle by a process outfined hereinbelow immecfiately reveals the history of that particular bead; and the 
avoidance of any artefacts being produced within the tags or ligands tjy interaction between them - the code is inert 

25 and fs carried by an inert material. 

[0053] The process as exemplified above of assigning a unique code to each and every process path vwthin a 
combinatorial chemrcal library synthesis, and thus by inference, each and every putative compound that is contained 
within that defined CCL, combined with the ability easily to read that code displayed by any solW support partkde 
both during the chemical process sequence and after a defined selection process, is a partksutarty important and 
novel aspect of this invention. 

[0054] Furthermore, the combinatorial compound library may comprise any convenient number of individual 
members, for example tens to hundreds to thousands to millions etc.. of suitable compounds, for example peptides, 
peptoids and other oligomeric compounds (cycfic or linear), and template-based molecules, for example 
benzodiazepines, hydantoins, Ixaryls, polycydtc compounds (e, g. naphthalenes, phenothiazines, acridlnes, steroids 
etc.), carbohydrate and amino acid derivatives, dihydropyridines, benzhydryte and heterocydes (e.g.. triazines, 
35 inddes etc.). The numbers quoted and the types of compounds listed are illustrative but not limiting. 

[0055] The compound library preferably comprises chemical compounds of low mdecular weight and potential 
therapeutic agents. Such compounds are for example of less than about 1000 daltons, such as less than 800. 600 or 
400 daltons. 

[0056] Combinatorial Ubraries are intended for testing in a variety of assays. The purpose of any assay is to 
test the ability of library elements or compounds to modulate activity in a test system of interest. Particularly 
^ preferred, but in no way limiting, are bidogkial assays, biological systems and biologicate of interest induding 
high throughput screens. Convenient biologicate of interest indude proteins such as enzymes, receptors, signalling 
systems, reporter genes and the like. Suitable test systems wifl be apparent to the scientist of ordinary skill. Any 
convenient number of library compounds may be tested in the biological assay. 

[0057] Synthesis of the compound library on the micropartides may comprise any convenient numt>er of incfivkiuat 
4S reaction steps. Chemkral libraries synthesised on a plurality of coded micropartides as hereinbefore defined are 
novd and represent further and independent aspects of this invention. 

[0058] Furthermore, the coded micropartides as herein described form further and independent aspects of the 
invention. In order satisfactorily to track partides through the mutti-stage processing of combinatorial chemistry, 
it is necessary to be able to record the code from each partide as it passes from one reaction vessel to another 
between process steps. Whilst this could be achieved by collecting the partides and observing them whOst 
50 stationary (using a microscope based image capture and processing system), the preferred embodiment is for the 
partide codes to be read on-the-fty. Alternatively, if the beads are separated into a muttiwea container, for 
example a 96 well plate, such as used in robotic systems used for screening compounds in biological assays, the code 
may be read v^en the t>eads are stationary. 

[0059] Figure 4 shows an embodiment of a code reading station. It comprises a captOary flow channel, 10, 
carrying in suspension the coded mrcropartides, 3, between process steps, and a reading station, 11, whkih 
incorporates a microscope objective lens system and which is capable of acquiring an image or images of each 
partide as it traverses the reading station. Each image may then be processed electronically by a computing system, 
13, to identify the code. The desired partide flow may be achieved by applying over-pressure to the upstream 
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reaction vessel, by manual pipetting, or by some other technique. At one point the flow passes through a transparent 
channel, 10, whose dimensions are such that the particles tend to align in single file as they pass through the 
channel. This type of particle trajectory control may be achieved simply by appropriate channel design, although the 
use of laminar flow focusing (commonly used in flow-cytometers to align biological cells in liquid flow) would be 
preferred. Furthermore, by designing the particles to have a reasonably high aspect ratio of length to width 
(typically 5:1), the particles can be made to travel along the channel with their long axis preferentially aligned 
with the axis of flow, thus facilitating obsen^ation of the codes. Hence, a particutarty preferred embodiment of the 
invention encompasses coded microparticles with a suitable aspect ratio of length to width of between 3:1 and 10:1. 
By way of non-fimiting example, a "lozenge' -shaped microparticle of 150 microns length would preferal^ possess a 
width dimension of between 15 and 50 microns, and one of 300 microns length, a width of between 30 and 100 
microns. 

[0060] The axial rotation of each individual particle is more difficult to control and therefore the code 
reading station, 11, must be capable of observing the particle from several directions simultaneously. This could be 
achieved either by the use of mirrors at either side of the channel reflecting images to a single objective lens 
system, or preferably by the use of four orthogonally arranged objective lens imaging systems (see ng.4). The 
image(8) of the particle may be captured via a microscope objective lens system by conventional miniature charge- 
coupled-device (CCD) cameras 12. Particularty preferred is monochromatic illumination from, for example, a diode 
laser, which may improve the contrast ratio in the acquired image. 

(0061] The captured image(s) from each partide may then be processed by a dedicated computing system, 13. 
using either conventional commercial image processing software such as Optlmas (TM) or Visilog (TM), or preferaWy 
dedicated custom software which could be programmed to provide desirable speed advantages. The processing would 
deduce the orientation of the partide and ascertain the positions of the code marks on the particle. From this, the 
complete code vwuld be detennined and recorded. With currently available computer processing power, partide codes 
would be read at maximum rates of typicaBy 50 to 100 per second. This rate will be dependent on the particular 
application and technology available. The use of two reading stations in series along a channel would allow checking 
of code data and minimise the possibilities of misread codes due to partide coincidences within the measurement 
zone. 

10062] For the encapsulated partide types, it is important that the polymer coating is suffldently transparent 
for the code on the particle to be successfully read. Most polymers are translucent rather than transparent at 
visible wavelengths, and therefore the thickness of the coating should not be such that the code information is 
unreadable. Preferred polymer thicknesses are between 5 and 50 microns. Particularly preferred thicknesses are 
between 10 and 30 microns. By vray of non-limiting example, an optically acceptable thickness of 15 microns would, 
when coaling a silicon partkJe of, for example, 120 microns x 25 mterons x 10 mterons In size, constitute a total 
polymer volume equivalent to that of a 130 microns diameter solid polymer bead, and would be quite suitable for use 
in combinatorial chemistry. The code information recorded at each of many reading stations arranged between the 
chemical process vessels would be colated on a central computer system and be avaflable for interrogation to 
ascertain the specific route each coded mwropartide had taken through the reaction processes. 
[0063] It will be appredated that the methods, materials and technk|ues described above can be applied in other 
situations where it is required to monitor an individual item through a complex series of operations. 

Claims 

1. A combinatorial Chemistry solid support partide marked with a machine readable code, said code being adapted to 
remain substantially unchanged during Combinatorial Chemistry Library Synthesis. 

2. A support partide as daimed in Claim 1 wherein the support partide comprises a first phase comprising a solid 
support suitable for use in Combinatonal Chemistry techniques and a second phase containing the machine 
readat)te code. 

3. A support partide as daimed in Clainn 2 wnerein the particle has a b»-layer structure the first and second 
phases being in the form of layers superimposed one on another. 

4. A support partide as daimed in Claim 2 wherein the second phase incorporating the machine readable code is 
substantially encapsulated within the first phase substantially the v^de outer surface of the particle thus 
being free for use as a chemical support 

5. A support partide as daimed in Claim 2 wherein the two phases are mechanically linked. 

6. A support partide according to Claim 5 wherein the second phase takes the form of a wafer incorporating an 
aperture and the first phase extends through said aperture such that a portron of the first phase exists on each 
side of the aperture the aperture and therefore, the wafer, fonning a so-caOed waist in the first phase thus 
tending to cause the two phases to remain in mechanical contact 

7. A support partide as daimed in Claim 5 wherein the second phase incorporates one or more barbed or hook like 
protrusions adaptd to engage the surface of the first phase. 

6. A support partide as daimed in any preceding claim wherein the support on which chemk:al synthesis takes place 
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comprises one or more of the following materials:- 

porous silicates, for example controlled pore glass; polymeric resin materials for example polystyrene. 
poty(substituted-styrene). for example poty(halomethylstyrene). poly(hal08tyrene), poly(acetoxystyrene); 
pot^crylamides, for example poly(acrytoytearcosine methyl ester); other polyesteiB, polyacrylates and 
polymethacrylates; as well as derivatised versions of these resins, for example polystyrene which has been 
chloromethylated. or poly(acfyloylsarcosine methyl ester) wherein the ester has t>een saponified and the resultant 
acid derivatised with another moiety of utili^ in ComtMnatorial Chemistry Library synthesis, as wefl as 
optionally cross-Ttnked versions of these resins. 

9. A support particle as claimed in any preceding Qaim wherein the code consists of one or more of the following 
features: pHs, holes, hollows, grooves or notches or any combination thereof 

10. A support particle as claimed in any preceding Claim modified in that the machine readable code resides in the 
shape of the partide or the shape of the second phase v^rtiere a second phase is present. 

11. A support partide as claimed in any preceding Oaim virtierein the machine readable code is readable optically. 

12. A support partide as daimed in any preceding Claim wherein the partide further incorporates an orientation 
marker. 

13. A set of support partides consisting of partides as daimed in any preceding claim, substantially each 
partide in the set having a unique machine readable code. 

14. A Combinatorial library prepared using support particles according to any preceding Claim, regardless of the 
chemical reactions or sequences used to prepare said library. 

15. A method of building and deconvoluting a Combinatorial fibrary comprising the steps of- 

25 (i) providng a plurality or set of support partides according to any of the daims 1-13 incusive; 

(ii) suspending said partides in a fluid; 

(iii) dividing the fluid containing the partides into a plurali^ of portions, reading and recording ttie 
machine readable codes during or after the cfivision process in order to track the movement of specific 
partides into respective portions; 

(iv) subjecting respective portions to specific chemical reactions; 

(v) recombining the respective portions; 

(vi) repeating steps (ni), (iv) and (v) as necessary.; 

so as to create a compound library in which each member of the library is assodated with one or more support 
partides with a machine readat)le code and tracking data is available to identify the sequence of reactions 
experienced by substantially each support partide. 

16. A method for the characterisation and deconvolution of a compound library comprising the steps of:- 

(i) synthesising a compound library on a plurality of solid support partides, each partide toeing as 
daimed in any of daims 1 to 13 indusive; 

^ (ii) testing said library of compounds in a biological assay; 

(ii) selecting library compounds of interest; and 

(iv) identifying such compounds by reference to the code on the associated support partide. 

so 
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